Abstract-Proteins are macromolecules which hardly act alone; they need to make interactions with some other proteins to do so. Numerous factors are there which can regulate the interactions between proteins [4]. Here in this present study we aim to understand Protein -Protein Interactions (PPIs) of two proteins ABCB11 and ADA from quantitative point of view. One of our major aims also is to study the factors that regulate the PPIs and thus to distinguish these PPIs with proper quantification across the two species Homo Sapiens and Mus Musculus respectively to know how one protein interacts with different set of proteins in different species.
INTRODUCTION
Proteins are the workhouses where most of the biological processes in a cell take place. Proteins are macromolecules and need associations of some other proteins to participate in various essential molecular processes within a cell and there is a talk about Protein-Protein Interactions (PPIs) [7] .Numerous factors are there which can regulate the PPIs. Abnormal PPIs can lead to develop the basis of diseases like cancers. Not only that but drugs also target PPIs for interfacial inhibition. As an example Brefeldin A (BFA) [1] acts as inhibitor and attacks macromolecular complexes when the complex is in a transition state(structurally and energetically unbalanced) and goes for drug binding [3] .Certain biological properties are there in gene as well as protein level which play significant role in transcriptions, protein structure formations, and gene expressions and can have significant role in protein network formation.
Moreover, proteins fold spontaneously into complicated threedimensional structures which are essential for several biological activities. Mainly the driving energy for this folding process comes from the hydrophobic effect, Van der Waals forces, and salt bridges at specific binding domains on each protein [6] . The strength of the binding depends on the size of the binding domain. Leucine zipper is a common surface domain that can provide stable protein-protein interactions. It consists of α-helices on each protein that bind to each other in a parallel fashion through the hydrophobic bonding of regularly-spaced leucine residues on each α-helix that project between the adjacent helix peptide chains. Because of the tight molecular packing, leucine zippers provide stable binding for multi-protein complexes [7] . Quantitative understanding of genes/ proteins refers to its unique characterizations or a numeric vector corresponding to each sequence which would act as their signature by finding some quantitative attributes. The quantification essentially captures how the nucleotides or amino acids are arranged in the sequence [9] . Here in this paper it is tried to make quantitative analysis of the genes ABCB11 and ADA and the genes which are functionally attached with them across the two species Homo Sapiens and Mus Musculus. The analysis has been made with genes and Proteins at their sequence levels and as well as the physical properties of those protein to study the factors that regulate the PPIs and thus to distinguish these PPIs with proper quantification across the two species to know how one protein interacts with different set of proteins in different species.
A. Model Representation We code any given DNA sequence to numeric sequence for further analysis. There are various ways of doing so. Here we have coded as A=1, T=2, G=3 and C=4 and thus a DNA sequence would be transformed to a sequence of corresponding numeric sequence.
B. Data Set Specification
In this paper as the PPIs of the proteins ABCB11 and ADA for the species Sapiens and Mus Musculus are taken from String Database which is shown below. It is to be noted that the associations of the proteins are purely functional associations. It can be observed that the proteins ABCB11 and ADA both have some proteins in the networks which are common for both the species, whereas some proteins are specifically participating in the specified species not in other. In Mathematics the term ‗Indicator' is a numerical measure of a quality or characteristic of some aspect of a program; evidence that something is occurring, that progress is being made.The notion of indicator matrix and its characterization through fractal dimension was proposed by Carlo Cattani where x h , x k So now it is possible to easily describe a N×N sparse binary matrix from an indicator matrix of N length, which may be written as, M hk = But it is not possible to differentiate between zeros formed by distinct base pairs. So slight modification is needed into it, which is given below [7] , such that
So the matrix M hk will be decomposed into four binary matrices namely, A1, A2, A3, A4 and corresponding four binary images will be made for each DNA sequence. The fractal dimensions of those indicator matrices have been calculated using -Box-Counting‖ method [17] . Box-Counting is a method of collection of data for analyzing complex pattern like dataset, images etc. and breaking them into smaller part or
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pieces and analyze them individually. Fractal dimensions for each indicator matrix are derived using BENOIT software.
Indicator matrices for ABCB11 and ADA and the genes in their networks are made for both the species. Fractal Dimensions (FDs) of four indicator matrices are also calculated for each species which are shown in Supplementary file 1and Supplementary file 2 respectively. 2) Fractal Dimension of DNA Walk
As defined in the [9] [13],We can define DNA walk as, It has been resulted by plotting (W n ,V n ) as two functions
The Fractal Dimensions of all the genes are deduced using Box Counting method. The DNA walk for all the genes in the PPI of ABC11 and ADA respectively are computed and then the fractal dimensions of the DNA are enumerated using Benoit. The detail result is given in Supplementary file 1 and 2. 
Where, , i=1,2,3,…,m and m is the length of longest poly-string over the string. The poly-string mean and SD are calculated for all the genes of the PPI of ABCB11 and ADA respectively and the detail result is given in the supplementary files 1 and 2. There are 256 possible poly-strings of length four using four nucleotides A, T, C, G. It can be observed that the genes in PPIs of ABCB11 for Homo Sapiens and Mus Musculus have been classified into 5 and 7 classes respectively according to poly-string mean whereas, the genes in PPIs of ADA have been classified into 5 and 8 classes respectively. In the case of poly-string SD the genes in the PPIs of ABCB11 DeltaG iv.
DeltaS
The Bio-physical Properties are calculated for all the genes of the PPI of ABCB11 and ADA respectively are derived and the detail result is given in the supplementary files 1 and 2.
1. Overall observation for the species of Homo sapiens speaks that although the quantitative difference of the physical properties of the genes ABCB11 and SLCOA2 are small but GC count of Physical constants and Melting Temperature Calculations are same of ABCB11 and SLCO1B1 are same. 2. From the result it is observed for the species of Homo sapiens that majorly the quantitative differences of physical constants and Thermodynamic Contents Conditions of the genes ADA and NT5C2 are smaller but in the case of GC count and Melting Temperature (TM) Calculations the genes ADA and ADORA1 are having very less differences.
From the result it is observed for the species of Mus
Musculus that quantitative differences of physical constants and Thermodynamic Contents Conditions of the genes ADA and NT5C2 are smallest and gene abcb11 have similarity of physical properties with Nr5a2. 4. The result as a whole enlightens that, physical properties of both of the species can't be equal.
C. Quantification of Protein Structural Properties
Here, we extend our quantitative analysis to the protein structural level and which is given below. The protein properties which are considered here are viz. Alpha Helix (Chou Fasman), Beta Strand (Chou Fasman), Parallel Beta Strand, Anti Parallel Beta Strand, Molecular Beta Strand , Total Beta Strand, Coil, Hydrophobicity (Aboderin) and Polarity Grantham. The plotting of protein properties has been made using MATLAB (Bioinformatics Tools) and the fractal dimension has been deducted using BENOIT TM software. Let G=g 1 , g 2 , g 3, …….g n is a DNA primary sequence, where g i ={A, T, C, G}for any i= 1, 2,…..n, so that, G=t 1 , t 2 ,……. 
